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Ion 
Ion radius 
 (nm)  Electronegativity 
Bi3+ 1.35 2.02 
Fe3+ 0.645 1.83 
Ba2+ 1.61 0.89 
Ti4+ 0.605 1.54 
Y3+ 0.900 1.22 
Sc3+ 0.745 1.36 
Mg2+ 0.720 1.31 
Nb5+ 0.640 1.60 
Zn2+ 0.740 1.65 
Ga3+ 0.620 1.81 
Al3+ 0.535 1.61 
O2- 1.40 3.44 
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FDOFLQHGKDW&LQ$O2FUXFLEOHLQDPXIIOHIXUQDFH7KHFDOFLQHGSRZGHUZDV
IXUWKHUDWWULWLRQPLOOHGDQGGULHGDVPHQWLRQHGDERYH7KHDWWULWLRQPLOOHGSRZGHUZDV
PL[HGZLWKSRO\YLQ\ODOFRKROHTXDO WRZWRIWKHDWWULWLRQPLOOHGSRZGHUGULHG
SXOYHUL]HGE\XVLQJDQDJDWHSHVWOHDQGPRUWDUDQGVLHYHGWKURXJKDPLFURQPHVK
aJEDWFKHVRISRZGHUZHUHXQLD[LDOO\SUHVVHGLQWRGLVFVZLWKGLDPHWHURIPPDW
03DWRIRUPJUHHQERG\SHOOHWV7KHVHFRPSDFWVZHUHVLQWHUHGKEHWZHHQWR
 & DIWHU EXUQLQJ RXW WKH ELQGHU DW  & 6LQWHULQJ WHPSHUDWXUHV DQG UHODWLYH
GHQVLWLHVRIWKHFHUDPLFVDUHVKRZQLQ7DEOH7RHYDOXDWH WKHHOHFWULFGLHOHFWULFDQG
SLH]RHOHFWULFSURSHUWLHVRIWKHVDPSOHVVLOYHUSDVWHHOHFWURGHVZHUHDSSOLHGWRWKHVLQWHUHG
SHOOHWVDQGWKHQILUHGKDW& 
7RPHDVXUH;UD\SRZGHUGLIIUDFWLRQ;5'WKHVLQWHUHGSHOOHWVZHUHFUXVKHGDQG
JURXQG WR ILQH SRZGHU ;5' ZDV SHUIRUPHG XVLQJ D %UXNHU ' SKDVHU ;UD\
GLIIUDFWRPHWHU%UXNHUZLWK&X.ĮUDGLDWLRQ7KHPLFURVWUXFWXUHRISROLVKHGSHOOHWVZHUH
VWXGLHG XVLQJ D VFDQQLQJ HOHFWURQ PLFURVFRSH 6(0 HTXLSSHG ZLWK D EDFNVFDWWHUHG
HOHFWURQGHWHFWRU%6(3KLOOLSV;/7KHVXUIDFHVRIWKHVDPSOHVZHUHJURXQGDQG
PLUURUSROLVKHGXVLQJZHWDEUDVLYHSDSHU6DPSOHVZHUHIXUWKHUSROLVKHGXVLQJGLDPRQG
DEUDVLYHVLQDZDWHUEDVHGOXEULFDQW0HW3UHS/WG 
7KHUHODWLYHSHUPLWWLYLW\HUDQGGLHOHFWULFORVVWDQįZHUHPHDVXUHGDWN+]XVLQJ
DQ /&5 PHWHU +3 $ IRU FRPSDULVRQ EHWZHHQ DOO VDPSOHV 7KH WHPSHUDWXUH
GHSHQGHQFHRIWKHHUDQGWDQįIURPN+]ZHUHPHDVXUHGLQWKHWHPSHUDWXUHUDQJH
RIWR&IRUVHOHFWHGVDPSOHV3RODULVDWLRQ(OHFWULFILHOG3(K\VWHUHVLVORRSVDQG
HOHFWULFILHOGLQGXFHGVWUDLQ6(FXUYHVZHUHPHDVXUHGDW+]XSWRN9FPIURPURRP
WHPSHUDWXUHWR&LQVLOLFRQHRLOXVLQJDIHUURHOHFWULFWHVWHU$L[$&&77)7KH
LPSHGDQFHZDVPHDVXUHGIURP WR&LQ WKH IUHTXHQF\UDQJH+] WR0+]
XVLQJD3UHFLVLRQ/&50HWHU$JLOHQW($GZDVPHDVXUHGZLWKDSLH]RHOHFWULF
PHWHU3LH]R0HWHU6\VWHP3,(=27(67VKRUWO\DIWHUSROLQJ7KHSROLQJWUHDWPHQWZDV
FRQGXFWHGLQVLOLFRQHRLODWR&XQGHUGFILHOGDWWRN9FPIRUPLQXWHV 
 
7DEOH6LQWHULQJ WHPSHUDWXUH DQG UHODWLYHGHQVLW\ IRU%L0H2[%D7L2
[%L)H20H<6F<0J1E6F=Q1E=Q7L*D$O[ 
FHUDPLFV 
Composition Sintering temperature  (°C) 
Relative density 
 (%) 
Bi(Me)O3-0.25BaTiO3-0.70BiFeO3   
Me = Y 920 94.9 
Me =Sc1/2Y1/2 940 95.7 
Me = Mg2/3Nb1/3 1000 96.8 
Me = Zn2/3Nb1/3 1010 97.4 
Me = Zn1/2Ti1/2 1010 96.9 
Me = Ga 990 94.9 
Me = Al 980 96.0 
Me = Sc   
(0.05BiScO3-(1-x)BaTiO3-(x)BiFeO3)   
x = 0.55 1020 97.4 
x = 0.60 1005 94.0 
x = 0.625 990 98.0 
x = 0.65 1010 92.8 
x = 0.70 1010 93.8 
 
 
3. 5HVXOWVDQGGLVFXVVLRQ 
3.1 ;5'DQDO\VLVDQGPLFURVWUXFWXUH 
;5' GLIIUDFWRJUDPV RI %L0H2%D7L2%L)H2 0H < 6F<
0J1E 6F =Q1E =Q7L *D$O FHUDPLFV DUH VKRZQ LQ )LJ7KH PDLQ
SHDNV LQ DOO SDWWHUQV LQGH[ DFFRUGLQJ WR D SHURYVNLWH VWUXFWXUH +RZHYHU RQO\
FRPSRVLWLRQV IRUZKLFK0H 0J1EDQG6FDUHIUHH IURPPLQRUSHDNVDVVRFLDWHG
ZLWKDVHFRQGDU\%L)H2SKDVH3'&)FDUGQRLV)RURWKHUGRSDQWV
ZHSURSRVH WKDWH[FHVV%L DULVHV IURPGRSDQW LRQV WKDWHLWKHUGRQRWRURQO\SDUWLDOO\
RFFXS\WKH%VLWHZKLFKUHVXOWVLQWKHDSSHDUDQFHRI%LULFKVHFRQGSKDVHV 
   To investigate the microstructure and the compositional homogeneity of the ceramics, 
BSE images for the polished 0.05Bi(Me)O3-0.70BaTiO3-0.25BiFeO3 ceramics were 
acquired (Fig. 2). For compositions with Me = Mg2/3Nb1/3 and Sc the grain size was ~5 to 
10 µm and the image contrast suggested a homogeneous cation distribution, free from 
second phase in agreement with the XRD traces. For composition with Me = Y and 
Sc1/2Y1/2, the grain size was smaller, with each grain exhibiting homogeneous contrast 
but with a light contrast, intergranular second phase, presumably Bi22Fe2O36 (Fig. 1) 
which has a
 
larger weight average atomic number (WAA) than the perovskite matrix. For 
ceramics with Me = Zn2/3Nb1/3, Zn1/2Ti1/2, Ga, and Al, a much smaller average grain size 
is observed (<4 µm) with evidence of a core shell contrast within the grains. Regions of 
lighter contrast in the images are Bi-rich compared to the matrix according to energy 
dispersive X-ray analysis (not shown here) and assumed to be Bi22Fe2O36, consistent with 
XRD data, Fig. 1. We note that there are dark precipitates present in the BiSc1/2Y1/2O3 
and BiYO3 doped samples (Fig. 2a and b) which correspond, according to EDS, to an 
yttrium ferrite phase. We conclude therefore that Y2O3 does not enter the matrix. In 
summary, we report that only BiScO3 and BiMg2/3Nb1/3O3 doped composition are free 
from secondary phase and exhibit a homogeneous microstructure. All other dopants either 
do not enter the lattice (Y2O3) and/or modify the phase equilibria to promote Bi22Fe2O36 
formation. In addition, compositions with Me = Zn2/3Nb1/3, Zn1/2Ti1/2, Ga, and Al promote 
the formation of a two-phase perovskite matrix. Previous authors have reported that 
immiscibility is suppressed by quenching [22, 31]. 
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0H <6F<
0J1E6F=Q1E=Q7L*D$OFHUDPLFV 
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 )LJ  %6( LPDJHV RI SROLVKHG VXUIDFH RI %L0H2%D7L2%L)H2
FHUDPLFVZLWK0H D<E6F<F0J1EG6FH=Q1EI=Q7L
J*DDQGK$O 
3.2 7HPSHUDWXUHGHSHQGHQFHRIUHODWLYHܭUDQGWDQį 
7KH WHPSHUDWXUH GHSHQGHQFLHV RI HU DQG WDQį IRU WKH %L0H2%D7L2
%L)H2 FHUDPLFVDUHVKRZQLQ)LJDDQGEPHDVXUHGDWN+]$OODQRPDOLHV
DUHEURDGDQGRIWHQH[KLELWPRUHWKDQRQHGLHOHFWULFPD[LPDEXWWKHQDUURZHVWSURILOHV
RFFXU IRU FRPSRVLWLRQV ZLWK 0H  < 6F< 0J1E DQG 6F )LJ D ZKRVH
PDWUL[SHURYVNLWHJUDLQVH[KLELWDKRPRJHQRXVPLFURVWUXFWXUH,QFRQWUDVWFRPSRVLWLRQV
ZLWK0H =Q1E=Q7L*DDQG$OVKRZWKHEURDGHVWGLHOHFWULFDQRPDOLHVDQG
H[KLELWDWZRSKDVHSHURYVNLWHFRUHVKHOOPDWUL[DWWULEXWHGWRLPPLVFLELOLW\E\0XUDNDPL
HWDO>@7KHGLHOHFWULFORVVIRU0H <DQG6F<)LJELQFUHDVHVGUDPDWLFDOO\
DWaR&FRQVLVWHQWZLWKWKHSUHVHQFHRIDFRQGXFWLQJJUDLQERXQGDU\VHFRQGSKDVH)LJ
ZLWKDOORWKHUFRPSRVLWLRQVVKRZLQJDVWHHSLQFUHDVHDWaR&W\SLFDORI%D7L2
%L)H2EDVHGVROLGVROXWLRQV>@DQGOLNHO\WRUHODWHWRPLJUDWLRQRIR[\JHQYDFDQFLHV
92 
 
)LJ7HPSHUDWXUHGHSHQGHQFHRIDUHODWLYHSHUPLWWLYLW\DQGEGLHOHFWULFORVVWDQG
IRU%L0H2%D7L2%L)H20H <6F<0J1E6F=Q1E
=Q7L*D$OFHUDPLFV 
3.3 )HUURHOHFWULFDQG3LH]RHOHFWULFSURSHUWLHV 
3( K\VWHUHVLV ORRSV DQG ELSRODU 6( FXUYHV IRU WKH %L0H2%D7L2
%L)H2 FHUDPLFV ZHUH PHDVXUHG XQGHU DQ HOHFWULF ILHOG RI  N9PP DW URRP
WHPSHUDWXUH )LJDDQG)LJE)RU0H 0J1E DQG6F WKH3(K\VWHUHVLV
ORRSVVKRZDFODVVLFIHUURHOHFWULFVTXDUHORRSEXWIRU0H <DQG6F<WKHORRSVDUH
URXQGHGFRQVLVWHQWZLWKDODUJHFRQWULEXWLRQIURPDVSDFHFKDUJHGLVWULEXWLRQSUHVXPDEO\
IURPWKH%LULFKVHFRQGDU\SKDVHZLWKLQ WKHVDPSOHDQGFRQFRPLWDQWZLWK WKHKLJKHU
GLHOHFWULFORVV6OLPDQGPDLQO\HOOLSWLFDO3(ORRSVZHUHUHFRUGHGIRU0H =Q7L*D
DQG$OVXJJHVWLQJRQO\OLPLWHGORQJUDQJHIHUURHOHFWULFRUGHULQWKHVHVDPSOHVFRQVLVWHQW
ZLWKWKHLQKRPRJHQHRXVPDWUL[PLFURVWUXFWXUHREVHUYHGLQ)LJ 
)RUELSRODUVWUDLQ6(FXUYHVIRU0H 0J1E6F<DQG6F<VKRZEXWWHUIO\
ORRSVW\SLFDORIDORQJUDQJHRUGHUIHUURHOHFWULFEXWIRU0H =Q7L*DDQG$OWKH
6(FXUYHVVKRZDSDUDEROLFFXUYHFRQVLVWHQWZLWKHOHFWURVWULFWLYHUHOD[RUOLNHPDWHULDOV
&RPSRVLWLRQVZLWK0H =Q1EH[KLELWHGQHDU]HURVWUDLQDQGFRQVLVWHQWZLWKWKH
OLQHDUGLHOHFWULFOLNHK\VWHUHVLVORRSWKHVLJQLILFDQWKHWHURJHQHLW\LQWKHPDWUL[SKDVHLQ
)LJDQGWKHH[FHSWLRQDOO\EURDGGLHOHFWULFDQRPDO\LQ)LJ 
7KH%HUOLQFRXUWVPDOOVLJQDOSLH]RHOHFWULFFRHIILFLHQWGIRUWKH%L0H2
%D7L2%L)H2 FHUDPLFVDUHSORWWHGRQDJUDSKRIWYHUVXVHQ)LJ7KHODUJHVW
G YDOXHV RI  S&1 DQG  S&1 ZHUH DFKLHYHG IRU 0H   0J1E DQG 6F
FRQVLVWHQWZLWKWKHDEVHQFHRIVHFRQGDU\SKDVHSHDNVLQ;5'WUDFHVDQGDKRPRJHQHRXV
PLFURVWUXFWXUH)LJVDQGUHVSHFWLYHO\<DQG6F<H[KLELWVPDOOHUGSRWHQWLDOO\
GXH WR WKH JUDLQ ERXQGDU\ VHFRQGDU\ SKDVH REVHUYHG LQ %6( LPDJHV )LJ  DQG 
&RPSRVLWLRQVZLWK0H =Q1E=Q7L*D$OH[KLELWDORZGIURPWRS&1
ZKLFKZHDWWULEXWHWRWKHLQKRPRJHQHRXVFDWLRQGLVWULEXWLRQDVHYLGHQFHGE\WKHFRUH
VKHOOFRQWUDVWLQ%6(LPDJHV)LJ 
 )LJD3(K\VWHUHVLVORRSVDQGEELSRODU6(FXUYHVIRU%L0H2%D7L2
%L)H20H <6F<0J1E6F=Q1E=Q7L*D$OFHUDPLFV 
 
&U\VWDOORFKHPLFDO&RQVLGHUDWLRQV 
)LJLVDSORWRIHQYVWIRU%L0H2%D7L2%L)H2 compositions. With 
reference to Fig. 5 DQGUHODWHG;5'6(0DQGSLH]RHOHFWULFGDWDRQO\0J1EDQG6F
GRSHGFRPSRVLWLRQVWKDWOLHZLWKLQDQDUURZUDQJHRIHQYVWVXFFHVVIXOO\VXEVWLWXWHLQWR
WKH %7%) PDWUL[ ZLWKRXW HLWKHU SURPRWLQJ VHFRQGDU\ SKDVHV \WWULXP IHUULWH DQG
%L)H2RUDOWHULQJWKHPDWUL[FDWLRQGLVWULEXWLRQWRFRQWDLQWZRLPPLVFLEOHSHURYVNLWH
SKDVHV ,W LV WKHUHIRUHQRFRLQFLGHQFH WKDWFRPSRVLWLRQVZLWK0H 0J1E DQG6F
UHYHDO WKH RSWLPXP %HUOLQFRXUW VPDOO VLJQDO G7KH HIIHFW RI HQ DQG W RQ WKH SKDVH
DVVHPEODJHKDVLWVRULJLQVLQWKHORFDOVWUDLQDQGERQGVWUHQJWKDQGW\SHLQGXFHGE\WKH
VXEVWLWXHQWV<5< cKDVDODUJHLRQLFUDGLXV5IRUD%VLWHVSHFLHV57L 
DQGLWWKHUHIRUHGRHVQRWHQWHUWKHSHURYVNLWHODWWLFHEXWLQVWHDGUHDFWVZLWK)H2WRIRUP
DQ\WWULXPIHUULWHSKDVH7KLVFUHDWHVDQH[FHVVRI%L2ZKLFKLVREVHUYHGZLWKLQWKH
PLFURVWUXFWXUHDV%L)H2VXUURXQGLQJWKHSHURYVNLWHJUDLQV)LJ$O*DDQG=QLRQV
KDYHDORZHQDQGWKXVKDYHDPRUHFRYDOHQWFKDUDFWHUWRWKHLUERQGLQJZKLFKZHSURSRVH
IDYRXUV D VWURQJHU DVVRFLDWLRQ ZLWK WKH ORQH SDLU PRUH FRYDOHQW %L LRQ ZLWKLQ WKH
SHURYVNLWH VWUXFWXUH 7KH UHVXOW LV DQ LQKRPRJHQHRXV GLVWULEXWLRQ RI FDWLRQV DQG DQ
LPPLVFLEOHWZRSHURYVNLWHSKDVHPDWUL[GXULQJIXUQDFHFRROLQJ7KHXQGHUO\LQJFU\VWDO
FKHPLVWU\ IRU WKH SHURYVNLWHSHURYVNLWH SKDVH VHSDUDWLRQ LV XQGRXEWHGO\ FRPSOH[ EXW
UHLQWHUSUHWDWLRQ RI SUHYLRXV UHSRUWV LQ WKH OLWHUDWXUH VXJJHVWV WKDW LPPLVFLELOLW\ LV
FRPPRQO\REVHUYHGEXWVXSSUHVVHGE\TXHQFKLQJWRJLYHKLJKHUG>@3UHYLRXVZRUN
E\ WKHFXUUHQWDXWKRUV DOVRUHYHDOV UHJLRQV RISHURYVNLWH±SHURYVNLWH LPPLVFLELOLW\ LQ
%L0J1E2GRSHGFRPSRVLWLRQVDVDIXQFWLRQRI[>@EXWWKDWVWUDLQLVRSWLPLVHGLQ
IXUQDFH FRROHG VLQJOHSKDVH FKHPLFDOO\ KRPRJHQHRXV FRPSRVLWLRQV DZD\ IURP WKH
UHJLRQ RI LPPLVFLELOLW\ >@ :H DWWHVW WKHUHIRUH WKDW LQ IXUQDFH FRROHG VDPSOHV WKH
VXSHULRUSHUIRUPDQFHRIVRPHGRSDQWVZLWKUHVSHFWWRRWKHUVGRHVQRWSDUWLFXODUO\UHIOHFW
WKHLUORFDOGHIHFWFKHPLVWU\EXWLVUDWKHUDPDWWHURIVROLGVROXELOLW\DQGWKHUHVXOWLQJSKDVH
HTXLOLEULD ZLWK WKH RYHUDUFKLQJ PD[LP WKDW IRU WKH KLJKHVW VWUDLQV VLQJOH SKDVH
KRPRJHQHRXV FRPSRVLWLRQV DUH UHTXLUHG 7KH IROORZLQJ VHFWLRQV RI WKH SDSHU IXUWKHU
GHPRQVWUDWH WKLV SUHPLVH E\ RSWLPLVLQJ WKH VWUDLQ IRU %L6F2 GRSHG FRPSRVLWLRQV
SUHGLFWHG EDVHG RQ RXU VLPSOH FU\VWDOORFKHPLFDO DSSURDFK WR KDYH FRPSDUDEOH
SHUIRUPDQFHWR%L0J1E2GRSHGFRPSRVLWLRQV>@ 
 
 
 
 
)LJ3LH]RHOHFWULFFRHIILFLHQWGWROHUDQFHIDFWRUDQGHOHFWURQHJDWLYLW\GLIIHUHQFHIRU
%L0H2%D7L2%L)H2 0H   < %< 6F< %6< 0J1E
%016F%6=Q1E%=1=Q7L%=7*D%*DQG$O%$FHUDPLFV 
 
;5'$QDO\VLVIRU05BiScO3-(0.95-x)BaTiO3-xBiFeO3 ceramics 
7RIXUWKHULQYHVWLJDWHGRSDQWHIIHFWVLQ%7%)V\VWHPVWKHUHODWLRQVKLSEHWZHHQWKH
SLH]RHOHFWULFIHUURHOHFWULF SURSHUWLHV DQG WKH PLFURVWUXFWXUH IRU %L6F2
[%D7L2[%L)H2 %6%7[%) [       DQG  FHUDPLFV ZDV
LQYHVWLJDWHG)LJVKRZVWKH;5'GLIIUDFWRJUDPVRIWKH%6%7[%)FHUDPLFV2QYLVXDO
LQVSHFWLRQ DOO ;5' SDWWHUQV DUH DWWULEXWHG WR D VLQJOH SHURYVNLWH SKDVH ZLWKRXW DQ\
VHFRQGDU\ SKDVH SHDNV 7R GHWHUPLQH WKH PRVW SUREDEOH VWUXFWXUH IRU HDFK GDWD VHW
5LHWYHOG UHILQHPHQWVZHUHFRQGXFWHGDQG WKHUHVXOWVVXPPDULVHG LQ7DEOH$OO;5'
SDWWHUQVZHUHUHILQHGXVLQJDFRPELQDWLRQRISVHXGRFXELF3PPDQGUKRPERKHGUDO
5FFHOOV)RU[ WRWKHUDWLRRI5F3PPLVGRPLQDWHGE\3PPEXWIRU
[   5FGRPLQDWHVFRQVLVWHQWZLWK PRVWSUHYLRXVREVHUYDWLRQV >@ DOWKRXJK
VRPHDXWKRUVUHIHUWRWKHSUHVHQFHRIPRQRFOLQLFRUWHWUDJRQDOV\PPHWULHV>@ 
 
 
)LJ  3RZGHU ;5' SDWWHUQV IRU WKH %L6F2[%D7L2[%L)H2 FHUDPLFV
PHDVXUHGDWURRPWHPSHUDWXUH 
 
 
 
 
 
 
7DEOH/DWWLFHSDUDPHWHUVDEFIUDFWLRQRISKDVHZWDQGILWWLQJSDUDPHWHUV5ZS
5S DQGʖ IRU WKH%L6F2[%D7L2[%L)H2 FHUDPLFV PHDVXUHGDW URRP
WHPSHUDWXUH 
 
x 
Space 
group Lattice parameters 
Weight 
(%) R-factors 
    a (Å) b (Å) c (Å)   Rwp (%) 
Rp 
(%) Ȥ2 
0.55 Pm-3m 4.0059(7) 4.0059(7) 4.0059(7) 89.3 9.44 7.39 1.47 
 
R3c 5.6695(8) 5.6695(8) 13.8662(3) 10.7 
   
0.6 Pm-3m 4.0027(8) 4.0027(8) 4.0027(8) 87.1 9.74 7.73 1.64 
 
R3c 5.7154(6) 5.7154(6) 14.0559(6) 12.9 
   
0.62
5 Pm-3m 4.0039(4) 4.0039(4) 4.0039(4) 94.8 9.94 7.89 1.74 
 
R3c 5.6054(4) 5.6054(4) 13.7375(2) 5.2 
   
0.65 Pm-3m 4.0017(4) 4.0017(4) 4.0017(4) 91.3 
10.6
5 8.53 2.04 
 
R3c 5.6089(3) 5.6089(3) 13.7112(6) 8.7 
   
0.7 Pm-3m 4.0006(0) 4.0006(0) 4.0006(0) 25.2 8.29 6.36 1.94 
 
R3c 5.6377(5) 5.6377(5) 13.9112(3) 74.8 
   
 
 
0LFURVWUXFWXUHRI05BiScO3-(0.95-x)BaTiO3-xBiFeO3 ceramics 
%6(LPDJHVIRUWKH%L6F2[%D7L2[%L)H2DUHLOOXVWUDWHGDVDIXQFWLRQ
RI[LQ)LJ$OOVDPSOHVJHQHUDOO\VKRZXQLIRUPFRQWUDVWZLWKLQWKHJUDLQVLQGLFDWLQJ
WKH\DUHFRPSRVLWLRQDOO\KRPRJHQHRXVZLWKQR FOHDU FRUHVKHOO VWUXFWXUHVQRU%L ULFK
JUDLQERXQGDU\SKDVHV)LJHaKWKXVFRQILUPLQJWKHSUHGLFWLRQWKDW6FUHDGLO\
RFFXSLHV WKH%VLWH LQ WKH %7%) V\VWHPGXH WR LWV µ*ROGLORFNV¶ FRPELQDWLRQRI LRQLF
UDGLXVcDQGHOHFWURQHJDWLYLW\+RZHYHUZHQRWHWKDWFRPPRQWRPRVW
%7%0HEDVHG >@ FHUDPLFV WKHUH DUHSUHFLSLWDWHV LQ WKHFHQWUH RI WKHJUDLQV7KHVH
SUHFLSLWDWHV DUH WKRXJKW WR EH UHVLGXDO IURP WKH HDUO\ VWDJHV RI UHDFWLRQ WR IRUP WKH
SHURYVNLWHSKDVHGXULQJFDOFLQDWLRQ>@ 
7RHYDOXDWH WKH HOHFWULFDO KRPRJHQHLW\ LPSHGDQFH VSHFWURVFRS\ ,6 DQDO\VLV ZDV
FRQGXFWHG6SHFWURVFRSLFSORWVRI=¶¶DQG0¶¶H[WUDFWHGIURP ,6GDWD FDQEHXVHGDVD
VLPSOHZD\WRTXDOLWDWLYHO\DVVHVVHOHFWULFDOKRPRJHQHLW\)LJDHVKRZ=¶¶DQG0´
VSHFWURVFRSLFSORWVIRU%L6F2[%D7L2[%L)H2FHUDPLFV)RU[ WR
GDWDDUHVKRZQIRU&ZKHUHDVIRU[ WKHGDWDDUHVKRZQIRU&WR
DOORZWKH=´DQG0´VSHFWUDWREHREVHUYHGDQGFRPSDUHGZLWKWKHRWKHUFHUDPLFV$OO
WKH0¶¶VSHFWUDVKRZDORZIUHTXHQF\SHDNZLWKDQIPD[YDOXHWKDWLVVLPLODUWRWKHODUJH
=¶¶SHDNEXWWKHUHDUHFOHDUO\IXUWKHU0¶¶SHDNVDWLQWHUPHGLDWHDQGKLJKHUIUHTXHQFLHV
7KHSUHVHQFHRIPXOWLSOH0¶¶SHDNVPHDQVDOOVDPSOHVKDYHWZRRUPRUHHOHFWULFDOSKDVHV
SUHVHQW PRVW OLNHO\ UHODWLQJ WR HLWKHU JUDLQ ERXQGDU\ VKHOO RU FRUH UHJLRQV 7KH
FDSDFLWDQFH YDOXHV FDOFXODWHG IURP WKH VLQJOH =´ 'HE\H SHDN PHDVXUHG DW & IRU
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%L6F2[%D7L2[%L)H2FHUDPLFVDUHVKRZQLQ7DEOH)RU[ WR
WKH FDSDFLWDQFH YDOXHV DUH a  WR  Q)FP FRQVLVWHQW ZLWK D JUDLQ ERXQGDU\ W\SH
UHVSRQVH EXW WKH FDSDFLWDQFH GHFUHDVHV WR  Q)FP IRU [    7KLV FDSDFLWDQFH
GHFUHDVHLPSOLHVWKDWWKHPDLQHOHFWULFDOFRQGXFWLRQSDWKLQWKHFHUDPLFVFKDQJHVIURP
EHLQJ DJUDLQERXQGDU\W\SH UHVSRQVH WR D VKHOOW\SH UHVSRQVH DW[ EXW IXUWKHU
DQDO\VHVDUHUHTXLUHGWRFRQILUPWKLVDVVLJQPHQW 
7KH ODUJH VLQJOH=¶¶ 'HE\H SHDN ZDV XVHG WR FDOFXODWH WKH WRWDO UHVLVWLYLW\RI WKH
FHUDPLFVDQGWKHLQYHUVHRIWKLVYDOXHXVHGWRHVWLPDWHWKHWRWDOHOHFWULFDOFRQGXFWLYLW\
$Q$UUKHQLXV SORW RI WKH WRWDO FRQGXFWLYLW\ IRU %L6F2[%D7L2[%L)H2
FHUDPLFVLVVKRZQLQ)LJDQGWKHDFWLYDWLRQHQHUJ\(DFDOFXODWHGIURPWKHVHGDWDDUH
VKRZQLQ7DEOH)LJVKRZVWKHFRQGXFWLYLW\LQFUHDVHVIURP[ WRDQG7DEOH
UHYHDOVDOOVDPSOHVKDYHDSSUR[LPDWHO\WKHVDPH(DRIaWRH9LQGLFDWLQJWKDW
WKHLUFRQGXFWLRQPHFKDQLVPVDUHVLPLODU 
 )LJ%6(LPDJHVRISROLVKHGVXUIDFHRI%L6F2[%D7L2[%L)H2FHUDPLFV
ZLWK[ DEFGDQGH 
  
)LJ  &RPELQHG =´ DQG 0´ VSHFWURVFRSLF SORWV IRU %L6F2[%D7L2
[%L)H2FHUDPLFVZLWK[ DEFGPHDVXUHGDW&DQG
IPHDVXUHGDW& 
 
 
7DEOH&DSDFLWDQFHPHDVXUHGDW&DQGDFWLYDWLRQHQHUJ\IRUWKH%L6F2
[%D7L2[%L)H2FHUDPLFV 
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)LJ  $UUKHQLXV SORW RI HOHFWULFDO FRQGXFWLYLW\ IRU WKH %L6F2[%D7L2
[%L)H2FHUDPLFV 
 
 
7HPSHUDWXUHGHSHQGHQFHRIİUDQGWDQįRI05BiScO3-(0.95-x)BaTiO3-xBiFeO3 
ceramics. 
7KH WHPSHUDWXUH GHSHQGHQFH RI İU DQG WDQį IRU WKH 05BiScO3-(0.95-x)BaTiO3-
xBiFeO3 ceramics measured at 10 kHz are shown in Fig. 10 (a) and 10 (b). )RU[ 
)LJ D WKH GLHOHFWULF DQRPDO\ LV FRQVLVWHQW ZLWK D UHOD[RUOLNH WUDQVLWLRQ DQG
FRQFRPLWDQWZLWKWKHGRPLQDQWSVHXGRFXELFVWUXFWXUHUHILQHGIURPWKH;5'GDWD$V[
LQFUHDVHVWRWKHGLHOHFWULFDQRPDOLHVEHFRPHVKDUSDQGWKHWHPSHUDWXUHZKHUHWKH
SHUPLWWLYLW\PD[LPXPVKLIWVWRKLJKHUWHPSHUDWXUH)RU[ WKHUHLVPRUHWKDQRQH
DQRPDO\7DQGIRUDOOFRPSRVLWLRQVDWURRPWHPSHUDWXUHLVa,QDGGLWLRQWRWDQGDQG
WKHWRWDOHOHFWULFDOFRQGXFWLYLW\H[WUDFWHGIURP,6GDWDVHWWKHGHWHFWHGFXUUHQWRIDOOWKHVH
VDPSOHVZDVOHVVWKDQWKHFXUUHQWOLPLWP$ZKHQSROLQJXQGHU'&N9FPDW
&7KHVHUHVXOWVLQGLFDWHWKHOHDNDJHFXUUHQWRIWKLVV\VWHPZDVVXSSUHVVHGHQRXJKWR
GULYHE\$&YROWDJHWDQGIRU[GRHVQRWLQFUHDVHVLJQLILFDQWO\XQWLO!R&
ZKLFKLVHQFRXUDJLQJIRUKLJKWHPSHUDWXUHDSSOLFDWLRQVEXWIRU[ WKHRQVHWRIWKH
VKDUSLQFUHDVHLQGLHOHFWULFORVVVKLIWVWRORZHUWHPSHUDWXUHVFRQVLVWHQWZLWKFRQGXFWLYLW\
GDWDREWDLQHGE\LPSHGDQFHVSHFWURVFRS\ 
7KHIUHTXHQF\GHSHQGHQFHIURP1 kHz to 250 kHzRIİUDQGWDQįIRUWKH05BiScO3-
0.325BaTiO3-0.625BiFeO3 ceramics are shown in Fig. 11 (a) and 11 (b). With increasing 
frequency, the Hr maximum shifts to higher temperature and is suppressed. The onset 
temperature where tanɷ increases also shifts to higher temperature. It is concluded 
therefore that compositions with x = 0.625 are relaxor in character. 
 
 
 
)LJ7HPSHUDWXUHGHSHQGHQFHRIDUHODWLYHSHUPLWWLYLW\DQGEGLHOHFWULFORVVWDQG
IRUWKH%L6F2[%D7L2[%L)H2FHUDPLFV 
 
 
  
 
)LJ)UHTXHQF\GHSHQGHQFHRIDUHODWLYHSHUPLWWLYLW\DQGEGLHOHFWULFORVVWDQɷYV
WHPSHUDWXUHIRUWKH%L6F2%D7L2%L)H2FHUDPLFV 
 
 )HUURHOHFWULF DQG SLH]RHOHFWULF SURSHUWLHV RI 05BiScO3-(0.95-x)BaTiO3-
xBiFeO3 ceramics 
3(K\VWHUHVLVORRSVDQGELSRODU6(FXUYHVIRU05BiScO3-(0.95-x)BaTiO3-xBiFeO3 
FHUDPLFVZHUHPHDVXUHGXQGHUDQHOHFWULFILHOGRIN9PPDWURRPWHPSHUDWXUH)LJ
DDQG)LJE3(K\VWHUHVLVORRSVVKRZDFKDQJHIURPDQDUURZORRSW\SLFDORI
HOHFWURVWULFWLYH FRPSRVLWLRQVZLWK OLPLWHGRUQR ORQJUDQJH IHUURHOHFWULFLW\ WRDFODVVLF
IHUURHOHFWULFVTXDUHORRSDV[LQFUHDVHVFRQVLVWHQWZLWKWKHLQFUHDVHLQYROXPHIUDFWLRQRI
WKH5FSKDVH$VLPLODUWUHQGLVREVHUYHGIRUELSRODUVWUDLQILHOGPHDVXUHPHQWVZKLFK
WUDQVIRUPIURPORRSVW\SLFDORIGRPLQDQWHOHFWURVWULFWLYHEHKDYLRXUQHJOLJLEOHQHJDWLYH
VWUDLQWRFODVVLFEXWWHUIO\ORRSVW\SLFDORIDORQJUDQJHRUGHUHGIHUURHOHFWULFFRQVLVWHQW
ZLWK WKH WUHQGRI WKH WHPSHUDWXUH GHSHQGHQFH RI UHODWLYH SHUPLWWLYLW\ YV WHPSHUDWXUH
8QLSRODU 6( FXUYHV IRU WKH 05BiScO3-(0.95-x)BaTiO3-xBiFeO3 FHUDPLFV PHDVXUHG
XQGHUN9PPDWURRPWHPSHUDWXUHDUHVKRZQLQ)LJ7KHODUJHVWGSP9DW
[ ZDVREWDLQHGDWWKHSRLQWRIFURVVRYHUIURPGRPLQDQWUHOD[RUHOHFWURVWULFWLYH
[    WR IHUURHOHFWULF EHKDYLRXU [ D WUHQG SUHYLRXVO\ REVHUYHG LQ
%011GGRSHG%7%)>@DQG3EIUHHV\VWHPVEDVHGRQ1%7DQGRU.%L7L2
.%7>@6FZKLFKUHVLGHZHOOLQWKH%VLWHHIIHFWLYHO\PRYHVWKHSHURYVNLWH
LPPLVFLELOLW\UHJLRQDZD\IURPWKHµVZHHWVSRW¶IRUKLJKVWUDLQ 
7KHWHPSHUDWXUHGHSHQGHQFHRIWKHXQLSRODU6(FXUYHVIRUSROHG05BiScO3-(0.95-
x)BaTiO3-xBiFeO3 (x = 0.63) FHUDPLFVPHDVXUHGXQGHUDQHOHFWULFILHOGRIN9PPIURP
WR&DUHVKRZQLQ)LJ7KHVWUDLQLQFUHDVHGIURPaWRaDW&
DQGUHPDLQHGDWaDW&DFFRPSDQLHGE\DQRWDEOHGHFUHDVHLQK\VWHUHVLVZLWK
UHVSHFWWRURRPWHPSHUDWXUHPHDVXUHPHQWV7KHYDULDWLRQRIVWUDLQǻ6ZDV7KHVH
UHVXOWVVXJJHVWWKDW%6%7%)PD\KDYHWKHSRWHQWLDOWRRSHUDWHDWKLJKHUWHPSHUDWXUHV
WKDQW\SLFDOIRU3E2IUHHFHUDPLFVZKLFKRIWHQKDYHORZGHSRODULVLQJWHPSHUDWXUHVRUD
GHFUHDVHLQSLH]RDFWLYLW\DVWHPSHUDWXUHLQFUHDVHV>@ 
 
 
 
)LJ  D 3( K\VWHUHVLV ORRSV DQG E ELSRODU 6( FXUYHV IRU WKH %L6F2
[%D7L2[%L)H2FHUDPLFVPHDVXUHGDWURRPWHPSHUDWXUH 
 )LJ  8QLSRODU 6( FXUYHV IRU WKH %L6F2[%D7L2[%L)H2 FHUDPLFV
PHDVXUHGDWURRPWHPSHUDWXUH 
 )LJ7HPSHUDWXUHGHSHQGHQFHRIXQLSRODU6(FXUYHV IRU%L6F2%D7L2
%L)H2FHUDPLFVPHDVXUHGXQGHUDQHOHFWULFILHOGRIN9FPDWIURPWR& 
 
 
4. &RQFOXVLRQV 
7KHUHODWLRQVKLSEHWZHHQSLH]RHOHFWULFIHUURHOHFWULFSURSHUWLHVDQGSKDVHDVVHPEODJH
LQ%L0H2[%D7L2[%L)H20H <6F<0J1E6F=Q1E
=Q7L*D$O[ ZDVLQYHVWLJDWHGDVDIXQFWLRQRIHQDQGW0J1EDQG6F
KDYHVLPLODUYDOXHVRIWDQGHQDQGDUHWKHRQO\VXEVWLWXHQWVWKDWGRQRWFUHDWHVHFRQGDU\
SKDVHVRUJLYHULVHWRDQLQKRPRJHQHRXVGLVWULEXWLRQRIFDWLRQV%VLWHLRQVXEVWLWXHQWV
ZLWKODUJHUUDGLL<GRQRWHQWHUWKHODWWLFHDQGUHVXOWLQWKHIRUPDWLRQRIVHFRQGDU\SKDVHV
ZKHUHDVORZHUHQVSHFLHVJLYHULVHWRDWZRSKDVHLQKRPRJHQHRXVSHURYVNLWHFRUHVKHOO
PDWUL[SKDVHLPPLVFLELOLW\2SWLPXPIHUURHOHFWULFDQGSLH]RHOHFWULFSURSHUWLHVIRU[ 
ZHUHDFKLHYHGIRU0H 6FDQG0J1EZKLFKH[KLELWUHPDUNDEO\VLPLODUYDOXHV
RIHQDQGW 
$V SUHGLFWHG ;5' SDWWHUQV DQG %6( LPDJHV RI 6FGRSHG FRPSRVLWLRQV ZLWK
[UHYHDOHGDSHURYVNLWHVWUXFWXUHZLWKQRHYLGHQFHRIVHFRQGDU\SKDVHV$V[
LQFUHDVHGWKHSKDVHDVVHPEODJHJUDGXDOO\FKDQJHGIURPGRPLQDQWSVHXGRFXELF3PP
WRUKRPERKHGUDO5FFRQVLVWHQWZLWKWKH3(K\VWHUHVLVORRSVDQG6(FXUYHV7KHODUJHVW
GRIaSP9ZDVPHDVXUHGIRU[ DWN9DWWKHFURVVRYHUIURPUHOD[RUWR
IHUURHOHFWULFEHKDYLRXU7KHWHPSHUDWXUHGHSHQGHQFHIRU[ VKRZHGVWUDLQ
XQGHUDQHOHFWULFILHOGRIN9PPDW&ZLWKDQRWDEOHGHFUHDVHLQK\VWHUHVLVZLWK
UHVSHFWWRURRPWHPSHUDWXUH 
 
$FNQRZOHGJHPHQWV 
:H WKDQN WKH (365& IRU IXQGLQJ 6XEVWLWXWLRQ DQG 6XVWDLQDELOLW\ LQ )XQFWLRQDO
0DWHULDOVDQG'HYLFHV(3/ 
 
5HIHUHQFHV 
[1] $Q,QWURGXFWLRQWR3LH]RHOHFWULF0DWHULDOVDQG$SSOLFDWLRQV-+ROWHUPDQ	3
*URHQ 
[2] <6DLWR+7DNDQR77DQL71RQR\DPD.7DNDWRUL7+RPPD71DJD\D
DQG01DNDPXUD/HDGIUHHSLH]RFHUDPLFV1DWXUH 
[3] 5$*R\HU/HDG7R[LFLW\&XUUHQWFRQFHUQV(QYLURQ+HDOWK3HUVSHFW
 
[4] */RFNLWFK3HUVSHFWLYHVRQ/HDG7R[LFLW\&OLQ%LRFKHP 
[5] ( . $NGRJDQ . .HUPDQ 0 $ED]DUL DQG $ 6DIDUL Origin of high 
piezoelectric activity in ferroelectric (K0.44Na0.52Li0.04)-(Nb0.84Ta0.1Sb0.06)O3 
ceramics, $SSO3K\V/HWW 
[6] ( +ROOHQVWHLQ ' 'DPMDQRYLF 1 6HWWHU Temperature stability of the 
piezoelectric properties of Li-modified KNN ceramics,-(XU&HUDP6RF
 
[7] ':DQJ)+XVVDLQ$.KHVUR$)HWHLUD<7LDQ4=KDR,05HDQH\
&RPSRVLWLRQDQGWHPSHUDWXUHGHSHQGHQFHRIVWUXFWXUHDQGSLH]RHOHFWULFLW\ LQ
[.\1D\1E2[%L1D=U2OHDGIUHHFHUDPLFV-$P&HUDP6RF
 
[8] R. Wang, K. Wang, F. Yao, J. Li, F. H. Schader, K. G. Webber, W. Jo, and J. 
5|GHO Temperature Stability of Lead-Free Niobate Piezoceramics with 
Engineered Morphotropic Phase Boundary,-$P&HUDP6RF>@
 
[9] H. 6KL - &KHQ 5 :DQJ 6 'RQJ Full set of material constants of 
(Na0.5K0.5)NbO3-BaZrO3-(Bi0.5Li0.5)TiO3 lead-free piezoelectric ceramics at 
the morphotropic phase boundary, - $OOR\V DQG &RPSRXQGV  
 
[10] 6=KDQJ$% .RXQJD ($XOEDFK7 *UDQ]RZ: -R+.OHHEH DQG-
5|GHOLead-free piezoceramics with giant strain in the system Bi0.5Na0.5TiO3-
BaTiO3-K0.5Na0.5NbO3. I. Structure and room temperature properties, -$SSO
3K\V 
[11] :/LXDQG;5HQLarge Piezoelectric Effect in Pb-Free Ceramics,3K\V5HY
/HWW 
[12] 60XUDNDPL7:DWDQDEH76X]XNL70DWVXGDDQG.0LXUD Effects of 
poling termination and aging process on piezoelectric properties of Mn-doped 
BaTi0.96Zr0.04O3 ceramics,-SQ-$SSO3K\V1' 
[13] 0+/HH'-.LP-63DUN6:.LP7.6RQJ0.LP:.LP'
'RDQG,-HRQJHigh-Performance Lead-Free Piezoceramics with High Curie 
Temperatures,$GY0DWHU 
[14] : =KRX 4 =KHQJ< /L 4 /L< :DQ 0 :X DQG ' /LQ Structure, 
ferroelectric, ferromagnetic, and piezoelectric properties of Al-modified 
BiFeO3±BaTiO3 multiferroic ceramics, 3K\V6WDWXV6ROLGL$1R
 
[15] <:DQ</L4/L:=KRX4=KHQJ;:X&;X%=KXDQG'/LQ
0LFURVWUXFWXUH)HUURHOHFWULF3LH]RHOHFWULF DQG)HUURPDJQHWLF3URSHUWLHVRI
6F0RGLILHG%L)H2±%D7L20XOWLIHUURLF&HUDPLFVZLWK0Q2$GGLWLRQ-
$P&HUDP6RF>@ 
[16] &=KRX=&HQ+<DQJ4=KRX:/L&<XDQ+:DQJ
6WUXFWXUHHOHFWULFDOSURSHUWLHVRI%L)H&R2±%D7L2SLH]RHOHFWULFFHUDPLFV
ZLWKLPSURYHG&XULHWHPSHUDWXUH3K\VLFD% 
[17] ;/LX=;X;:HLDQG;<DR)HUURHOHFWULFDQG)HUURPDJQHWLF
3URSHUWLHVRI%L)H[&U[2±%D7L26ROLG6ROXWLRQV-$P&HUDP
6RF>@ 
[18] ; Liu, Z. Xu, S. Qu, X. Wei, J. Chen, )HUURHOHFWULFDQGIHUURPDJQHWLF
SURSHUWLHVRI0QGRSHG%L)H2±%D7L2VROLGVROXWLRQCeram. 
International, 34, 797-801 (2008). 
[19] 4 =KRX & =KRX + <DQJ * &KHQ : /L DQG + :DQJ Dielectric, 
Ferroelectric, and Piezoelectric Properties of Bi(Ni1/2Ti1/2)O3-Modified 
BiFeO3±BaTiO3 Ceramics with High Curie Temperature, -$P&HUDP6RF
>@ 
[20] Q. Zheng, Y. Guo, F. Le, X. Wu, D. Lin, 0LFURVWUXFWXUH IHUURHOHFWULF
SLH]RHOHFWULFDQGIHUURPDJQHWLFSURSHUWLHVRI%L)H2±%D7L2±%L=Q7L2
OHDGIUHHPXOWLIHUURLFFHUDPLFVJ. Mater. Sci.: Mater Electron, 25, 2638-2648 
(2014). 
[21] Z. Cen, C. Zhou, H. Yang, Q. Zhou, W. Li, C. Yan, L. Cao, J. Song, and L. 
Peng, 5HPDUNDEO\ +LJK7HPSHUDWXUH 6WDELOLW\ RI %L)H[$O[2±%D7L2
6ROLG 6ROXWLRQ ZLWK 1HDU=HUR 7HPSHUDWXUH &RHIILFLHQW RI 3LH]RHOHFWULF
3URSHUWLHV-$P&HUDP6RF>@ 
[22] T. Zheng, Z. Jiang and J. Wu, (QKDQFHG SLH]RHOHFWULFLW\ LQ  í [
%L)Hí\$\2±[%D7L2OHDGIUHHFHUDPLFVVLWHHQJLQHHULQJDQGZLGHSKDVH
ERXQGDU\UHJLRQDalton Trans., 45, 11277 (2016). 
[23] Q. Zheng, , L. Luo, K. H. Lam, N. Jiang, Y. Guo, and D. Lin, Enhanced 
ferroelectricity, piezoelectricity, and ferromagnetism in Nd-modified BiFeO3-
BaTiO3 lead-free ceramics, -$SSO3K\V 
[24] ' :DQJ $ .KHVUR 6 0XUDNDPL $ )HWHLUD 4 =KDR , 0 5HDQH\
7HPSHUDWXUHGHSHQGHQWODUJHHOHFWURPHFKDQLFDOVWUDLQLQ1GGRSHG%L)H2
%D7L2 OHDGIUHH FHUDPLFV -RXUQDO RI WKH (XURSHDQ &HUDPLF 6RFLHW\ 
± 
[25] ;:X07LDQ7*XR4=KHQJ//XR'/LQ3KDVHWUDQVLWLRQGLHOHFWULF
IHUURHOHFWULF DQG IHUURPDJQHWLF SURSHUWLHV RI /DGRSHG %L)H2±%D7L2
PXOWLIHUURLFFHUDPLFV-0DWHU6FL0DWHU(OHFWURQ 
[26] 5 5DL , %GLNLQ 0 $ 9DOHQWH $ / .KRONLQ )HUURHOHFWULF DQG
IHUURPDJQHWLFSURSHUWLHVRI*GGRSHG%L)H2±%D7L2VROLGVROXWLRQ0DWHU
&KHPDQG3K\V 
[27] ':DQJ0:DQJ)/LX<&XL4=KDR+6XQ+-LQ0&DR6RO±JHO
V\QWKHVLVRI1GGRSHG%L)H2PXOWLIHUURLFDQGLWVFKDUDFWHUL]DWLRQ&HUDPLFV
,QWHUQDWLRQDO 
[28] 7=KHQJDQG-:X(IIHFWVRIVLWHHQJLQHHULQJDQGGRSHGHOHPHQWW\SHVRQ
SLH]RHOHFWULFDQGGLHOHFWULFSURSHUWLHVRIELVPXWKIHUULWHOHDGIUHHFHUDPLFV-
0DWHU&KHP& 
[29] D. Wang, Z. Fan, D. Zhou, A. Khesro, S. Murakami, A. Feteira, Q. Zhao, X. 
Tan, I. M. Reaney, %LVPXWKIHUULWHEDVHGOHDGIUHHFHUDPLFVDQGPXOWLOD\HUV
ZLWKKLJKUHFRYHUDEOHHQHUJ\GHQVLW\-0DWHU&KHP$ 
[30] //XR1-LDQJ;=RX'6KL76XQ4=KHQJ&;X.+/DPDQG'
/LQ Phase transition, piezoelectric, and multiferroic properties of 
La(Co0.5Mn0.5)O3-modified BiFeO3±BaTiO3 lead-free ceramics, 3K\V 6WDWXV
6ROLGL$1R 
[31] 60XUDNDPL':DQJ$0RVWDHG$.KVUR$)HWHLUD'&6LQFODLU=
)DQ;7DQDQG,05HDQH\+LJKVWUDLQ%L0J1E2%D7L2
%L)H2OHDGIUHHSLH]RHOHFWULFFHUDPLFVDQGPXOWLOD\HUV,QSUHVV 
[32] 6- .XDQJ ;* 7DQJ /< /L 73 -LDQJ DQG 4; /LX ,QIOXHQFH RI =U
GRSDQWRQWKHGLHOHFWULFSURSHUWLHVDQG&XULHWHPSHUDWXUHVRI%D=U[7L[2
[FHUDPLFV6FULSWD0DWHULDOLD 
[33] 756KURXWDQG$+DOOL\DO3UHSDUDWLRQRI/HDG%DVHG)HUURHOHFWULF5HOD[RUV
IRU&DSDFLWRUV$P&HUDP6RF%XOO 
[34] =&/LDQG%%HUJPDQ(OHFWULFDOSURSHUWLHVDQGDJHLQJFKDUDFWHULVWLFVRI
%D7L2FHUDPLFVGRSHGE\VLQJOHGRSDQWV-(XU&HUDP6RF
 
[35] 0 0 .XPDU $ 6ULQLYDV DQG 6 9 6XU\DQDUD\DQD 6WUXFWXUH SURSHUW\
UHODWLRQVLQ%L)H2%D7L2VROLGVROXWLRQV-$SSO3K\V 
[36] 62/HRQWVHYDQG5((LWHODielectric and Piezoelectric Properties in Mn-
Modified (1-x)BiFeO3±xBaTiO3 Ceramics, -$P&HUDP6RF
 
[37] + =KDQJ : -R . :DQJ . * :HEEHU &RPSRVLWLRQDO GHSHQGHQFH RI
GLHOHFWULFDQGIHUURHOHFWULFSURSHUWLHVLQ%L)H2±%D7L2VROLGVROXWLRQV&HUDP
,QWHUQDWLRQDO 
[38] 5$0*RWDUGR'6)9LDQD02O]RQ'LRQ\VLR6'6RX]D'*DUFLD
-$(LUDV0)6$OYHV/)&ંWLFD,$6DQWRVDQG$$&RHOKRFerroic 
states and phase coexistence in BiFeO3-BaTiO3 solid solutions,-$SSO3K\V
 
[39] 0$%HXHUOHLQ1.XPDU78VKHU+-%URZQ6KDNOHH15DHQJWKRQ,
0 5HDQH\ ' 3 &DQQ - / -RQHV DQG * / %UHQQHFND &XUUHQW
8QGHUVWDQGLQJ RI 6WUXFWXUH±3URFHVVLQJ±3URSHUW\ 5HODWLRQVKLSV LQ %D7L2±
%L02'LHOHFWULFV-$P&HUDP6RF± 
[40] 6=KDQJ$%.RXQJDDQG($XOEDFK+(KUHQEHUJ-5|GHOGiant strain 
in lead-free piezoceramics Bi0.5Na0.5TiO3-BaTiO3-K0.5Na0.5NbO3, $SSO3K\V
/HWW 
[41] ($3DWWHUVRQ'3&DQQ-3RNRUQ\DQG,05HDQH\Electromechanical 
strain in Bi(Zn1/2Ti1/2)O3±(Bi1/2Na1/2)TiO3±(Bi1/2K1/2)TiO3 solid solutions, -
$SSO3K\V 
[42] ; /LX - =KDL % 6KHQ ) /L < =KDQJ 3 /L % /LX (OHFWULFILHOG
WHPSHUDWXUH SKDVH GLDJUDP DQG HOHFWURPHFKDQLFDO SURSHUWLHV LQ OHDGIUHH
1D%L7L2EDVHG LQFLSLHQW SLH]RHOHFWULF FHUDPLFV -RXUQDO RI WKH
(XURSHDQ&HUDPLF6RFLHW\± 
[43] $.KHVUR':DQJ)+XVVDLQ'&6LQFODLU$)HWHLUDDQG,05HDQH\
Temperature stable and fatigue resistant lead-free ceramics for actuators,$SSO
3K\V/HWW 
[44] <(KDUD11RYDN$$\ULN\DQ37*HLJHUDQG.*:HEEHU'LHOHFWULF
Phase transformation induced by electric field and mechanical stress in Mn-
doped (Bi1/2Na1/2)TiO3-(Bi1/2K1/2)TiO3 ceramics-$SSO3K\V
 
[45] //L-+DR5&KX=;X:/L-'X3)X)HUURHOHFWULFDQGILHOGLQGXFHG
VWUDLQ UHVSRQVH RI OHDGIUHH )H6EPRGLILHG %L1D%D7L2
FHUDPLFV&HUDPLFV,QWHUQDWLRQDO± 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
